Microchip electrophoresis has widely grown during the past few years, and it has showed a significant result as a strong separation tool for genomic as well as proteomic researches. To enhance and expand the role of microchip electrophoresis, several studies have been proposed especially for the low viscous separation media, which is an important factor for the success of microchip with its narrow separation channels. In this paper we show an overview for the done researches in the field of low viscous media developed for the use in microchip electrophoresis. For genomic separation studies polyhydroxy additives have been used enhance the separation of DNA at low polymer concentration of HPMC (Hydroxypropylmethyl cellulose) which could keep the viscosity low. Mixtures of poly(ethylene oxide) as well as Hydroxyporpyl cellulose have been successfully introduced for chip separation. Furthermore high molecular mass polyacrylamides at low concentrations have been studied for DNA separation. A mixture of polymer nanoparticle with conventional polymers could show a better resolution for DNA at low concentration of the polymer. For the proteomic field isoelectric focusing on chip has been well overviewed since it is the most viscous separation media which is well used for the protein separation. The different types of isoelectric focusing such as the ampholyte-free type, the thermal type as well as the ampholyte-depended type have been introduced in this paper. Isoelectric focusing on chip with its combination with sodium dodecyl sulfate (SDS) page or free solution could give a better separation. Several application for this low viscous separation medias for either genomic or proteomic could clearly show the importance of this field.
INTRODUCTION
Microchip electrophoresis was first introduced in the early nineties of the last century, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] and since then it becomes a very strong alternative for the other electrophoretic systems such as conventional gel electrophoresis and capillary electrophoresis (CE).
Microchip electrophoresis has gained this position because of several factors; its integrated size is a very helpful step on the way to portable analytical technology, its construction is easy to be automated which is a very important step towards lab-on-chip, its low consumption of the sample is very valuable for the rare available samples, all with could be achieved with a high resolution, high reproducibility and accuracy, fast separation and high sample throughput, subsequently microchip electrophoresis could find easily its way in several applications fields, medicinal, pharmaceutical and agriculture for both genomic and proteomic studies. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Several types of chips has been introduced for the postgenomic researches such as DNA/RNA chips [28] [29] [30] [31] and the serial analysis of gene expression. [32] [33] [34] [35] The viscosity of the separation media is one important factor for chip separation since the bounded microfluidic devices can not withstand high loading pressure. Most glass chips can tolerate about 200 psi pressure while the plastic chips can tolerate about 50 psi pressure. 36) Ultra-diluted polymer solution has been used for the separation of long DNA fragments under a constant electric field but it did not give a good separation for the small DNA fragments. [37] [38] [39] [40] [41] [42] These make the low viscous separation Medias (less than few hundreds cP) very essential for chip separation. 43) Several low viscous separation media have been studied for DNA separation on chip.
These Medias has been used either merely or with some additives to enhance the separation. A wide range of separation could be achieved from 20 bp DNA up to 10 kbp, and from 1 kbp up to 40 kbp, also a separation with a very small base pair different has been achieved too.
All these have been applied in real samples separation and analysis for genomic disease. Several Multiplex PCR has been designed for DNA fragments related to the same diseases for faster separation and analysis where Multichannel Microchip has proved to be very important tool for ultrafast analysis for DNA markers.
On the other hand, proteome researches have gained a lot of progress using low viscous Medias on microchip. Sodium dodecyl sulfate (SDS) page separation on chip had been achieved for an ultrafast analysis. Some chip-capillary isoelectric focusing (CIEF) has been also developed for proteome researches. Even though mCIEF is a different separation technology from the above mentioned separation techniques, however it is an electrophoretic technique that uses a very low viscous media for protein separation on chip. This technique has been employed either merely followed by MS [44] [45] [46] [47] [48] [49] [50] [51] or combined with other separation techniques such as mCIEF-free solution or mCIEF-SDS. For all these, this technique could find its position easily among the other techniques that employ a low viscous media for proteomic researches on chip.
In this paper the development of several low viscous separation Medias for chip separation has been presented in genomic and proteomic researches fields. This paper interest is to cove cover the separation technique that employees low viscous separation media, and for those who are interested in other separation techniques we recommend for them to go some other reviews. [52] [53] [54] 
LOW VISCOUS SEPARATION MEDIAS FOR DNA SEPARATION
Several DNA approaches has been performed on chip such as mutation analysis, SNPs analysis, forensic human identification, and genotyping, [55] [56] [57] [58] [59] [60] [61] [62] therefore a sensitive, efficient and low viscous separation media has become increasingly important for DNA separation on chip. Below several low viscous separation media has been introduced for analysis on chip.
2.1. HPMC with Additives HPMC (Hydroxypropylmethyl cellulose) has a wide range of polymers with a viscosity ranging from 5 to several hundred thousands cP (2 wt% in H 2 O). These polymers have been used as a separation media for DNA separation. The lowest viscous of them (HPMC-50 and HPMC-4000) have proven to be suitable for the separation on mCE. These have been studied well by Xu et al. 63, 64) HPMC-50 (viscosityϭ40 cP) could separate 10 of 11 fragments of FX174 except for 271 and 281 bp even if the concentration increased till 3%. Polyhydroxy additives (mannitol, glucose, and glycerol) have been added to HPMC-50 to enhance the separation. 2% HPMC with different concentrations of Polyhydroxy additives (8% mannitol or 8% glucose or 10% glycerol) could result with optimized separation of all the fragments of FX174 including 271 and 281 bp (Fig. 1A) . The resolution has been increased from R s,271/281 ϭ 0.6 at 3% HPMC with no additives to R s,271/281 ϭ1.1-1.2 at 2% HPMC with optimal concentrations of additives (Fig.  1B) .
HPMC-4000 with several concentrations ratios of polyhydroxy additives (mannitol, glucose, and glycerol) has shown a successful separation for pBR322III restriction fragments with sizes ranging from 51 to 587 bp. The proposed mechanism for this separation enhancement is that the hydroxyl groups' compounds can easily form hydrogen-bonding with hydrophilic groups in HPMC molecules. 65, 66) This will form strong H-bonding affinity with the hydroxyl groups of HPMC as well as DNA molecules. Thus the solution shape more delicate networks suitable for DNA separation.
Mix Poly(ethylene oxide) (PEO) Solutions
Poly(ethylene oxide) has been used as a separation matrix for microchip electrophoresis. To get an optimum separation media, a mixture of several PEO of different Molecular weigh has been used for DNA separation. 73) Several ranges of DNA sizes have been separated successfully by means of these PEO mixtures. A range from 20 bp to 10 kbp has been successfully separated within 240 s; this matrix provided a good resolution for DNA fragments below 500 bp while the resolution was still poor for fragments over 500 bp. The same matrix has been used to separate 2 DNA fragments with 6 bp difference, the separation was done successfully with R 82/88bp ϭ1.05. DNA fragments ranging 1-40 kbp have been successfully separated by this mixture (Fig. 2) . Several PEO mixtures have been developed by Xu et al. 67) and have shown good separation ability for DNA separation.
2.3. High-Molecular-Mass Polyacrylamides In this group of polymers Cretich et al. 42) have used Polyacrylamides of high molecular mass after diluting them. Four type of Polyacrylamide have been prepared for this purpose, linear polyacrylamide 1, 2, 3 and 4 (LPA1, LPA2, LPA3, LPA4) (Table 1) , the solution concentration of the last three was from 0.2 to 0.5 g/l while for the first one LPA1 the concentration was from 2 to 1 g/l. These diluted, high and ultrahigh Molecular weigh matrices were useful in separating both small and large DNA fragments ranging from 123 to 1353 bp (Fig. 3) . This feature is useful in restriction fragments mapping as well as DNA genotyping. 
Hydroxypropyl Cellulose HPC
At a concentration of 5%, hydroxypropyl cellulose (HPC) has a low viscosity (50 cP), this low viscous separation matrix is easy to be filled in the narrow channels of the chip. Sanders et al. 68) has used HPC with MES/TRIS buffer system (pHϭ6.1), this combination has several merits: the balanced pH (6.1) eliminates the need for surface preconditioning because it reduces the extent of the deprotonation of the silanol groups on the microchip surface 69) which cause the electro-osmotic flow (EOF) to be reduced and the hydrogen bonding of the polymer with the silica wall to increase. Also and since buffer pH is above 4 then the dsDNA will not be denatured. A concentration of 3.5 of HPC proved to optimum for DNA separation ranging from 118 to 1353 bp (Fig. 4) .
2.5. Nano-sized PEGylated-Latex Mixed Polymer Solution Well-designed mixing for the separation medias can lead to a better DNA separation. Tabuchi et al. 70) has proposed a new separation matrix by mixing a conventional polymer solution with polymer nanoparticle solutions (PEGylated-latex).
Mixing 0.49 wt% HPMC buffer solution with 2.25 wt% 80 nm-PEGylated-latex results in higher separation efficiency (80-110 nm) . This improvement in the separation seems to be a result of the balance between the polymer mesh size and the structural obstacles of particles in the buffer.
LOW VISCOUS SOLUTIONS FOR PROTEIN SEPA-RATION ON MICROCHIP
Microchip with its several advantages was able to expand to proteomic researches and analysis. [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] This spreading requires more developing in the chip design and the chip matrix to face the new challenges; below the importance of developing a low viscous matrix will clearly appear.
3.1. SDS-Protein Separation with ITP on Chip SDSpage separation has been widely used for the protein separation in the conventional gel SDS-separation as well as in the 2DE separation. Researchers have worked to apply SDS page on chip for protein separation taking into regard the importance of developing a low viscous SDS buffer that can smoothly be injected in the narrow channels of the chip. For this purpose Xu et al. 83) have developed a single channel chip for high sensitive analysis of SDS-proteins complex by UV, with electrokinetic injection with transient isotachophoresis (Fig. 6) . The lower detectable limit concentration was 30 times lower than the conventional cross geometry microchip. This technique proved to have a better linear dynamic range which will benefit the future applications for the qualitative and quantitative analysis for the proteins with high speed and high sensitivity up to 30 times lower than cross geometry chip.
Protein Separation by Free Solution
Generally it was accepted that the mobility of the protein with molecular weigh more than 10 kDa is constant in free solutions when they are fully denatured by sodium dodecyl sulfate SDS. Lu et al. 84) could demonstrate that proteins have different mobility in free solution when they are denatured by a mixture of alkyl sulfates; this has been carried out on a glass chip.
Four proteins were able to be separated on chip ranging from 14 to 116 kDa after they were denatured by alkyl sulfate mixture from Pierce (referred as Pierce SDS). The separated proteins order was not correlated with the molecular weigh, indicating that the separation mechanism is not based on the deference in the molecular size (Fig. 7) . It has suggested that the difference in the surface charge density is the reason behind the separation of the denatured proteins in free solution. 
Ampholyte Dependent m mCIEF
The studies for applying the CIEF on chip scale have proven to be successful. Several protein markers have been separated well on chip by using miniature scanning detection system for IEF technique. 85, 86) Some additives have been studied to improve the separation of this technique.
MC proved to be suitable for reducing EOF on chip as well as to suppress pH gradient drift and reduce compression of the pH gradient 87) (Fig. 8) . Dynamic analyte introduction and focusing has been developed on plastic chip, this technique has proven to be very effective for sample loading by approximately 10-100 fold in comparison with the conventional IEF which is very important for the detection of low trace proteins. 88) 3.3.2. Thermally Generated m mCIEF This is an especial mCIEF technique where the pH gradient is not formed by means of an ampholyte, instead a tapered separation channel has been used where the pH gradient can be formed due to the difference of the temperature along the tapered channel when a current passes through, this has lead to a shallow thermal pH gradient. The range of the pH gradient is limited to the pH of the used buffer (e.g. pK a buffer ϭ7 then the pH rangeϭ7Ϯ1). To achieve an accurate repetitive results several factors should be accurately controlled. These factors are control of the EOF, the hydrodynamic flow, selecting the suitable power mode, prevention of the local over heating and the formation of air bubbles. This thermally generated pH gradient was successfully used in focusing dog, cat and human hemoglobin 89) (Fig. 9 ). an applied potential to form the Gradient pH. Macounova et al. 90) were able to apply this successfully on a coated chip, where they used 2 parallel electrodes and applied potential not higher than 2.5 V to avoid gas bubbles generation. In this IEF mode the solutions contained low concentrations of a single buffer. The availability of the buffer proved to be of importance for the stability of the pH gradient while in the absence of the buffer the steady-state of the pH gradient was poor and it showed a gradual shift of the steady-state position towards the anode. The IEF of a biological analytes sample, bovine hemoglobin was performed successfully within 360 s (Fig. 10). 
Ampholyte Free m mCIEF

Parallel m mCIEF
A new device for IEF by parallel IEF chip has been suggested by Zilberstein et al. 91, 92) In this parallel isoelectric device (PID) the separation tool is mainly a dielectric membrane with conducting channels filled with immobiline gels of varying pH. This membrane is set to be rectangular with the applied electric field; each protein then is trapped in the channel whose pH is equal to the pI of the protein. Meanwhile the pH value of the surrounded aqueous solutions is not equal to those of the channel pH. The transport between the different channels was rapid due to the convection in the aqueous solution. The experimental duration was proportional to the number of the sample bands N. In this new device 2 parameters are to be taken into consideration, the channel size and the scale of the transition region from the solution to the gel in a channel.
The kinetics of the IEF process has been analyzed and it showed that parallel IEF accelerates the fractionation of the protein sample according to their pI down to several minutes. The main limitation of PID resolution is the sensitivity of the protein to the pH change due to the Coulomb blockade effect (Fig. 11) .
Coated IEF Channel Chip
Controlling the electroosmotic flow in the CIEF and reducing the adsorption of the protein on the channel wall both are important to achieve a successful focusing of the protein during IEF. Tsai et al. 93) have used a HMDS (hydroxylmethyldisiloxane) plasma polymerization to coat the inner surface of the glass chip that they use for IEF of a mixture of 3 proteins, cytochrome c (pI 9.6), hemoglobin (pI 7.0) and phycocyanin (pI 4.65) (Fig. 12) . The glass chip was 70 mm length, 300 mm width and 10 mm depth while the plasma polymer film was 100 nm. By this modification of the glass channel with HMDS plasma polymerized film a rapid CIEF could be achieved with 3 min while the separation efficiency corresponded to a plate number of 19 600. Modes Combination. 3.4.1 . Coupling m mCIEF with Free Solution Coupling low viscous modes on chip is an expected and important step to gain from the advantages that each mode can offer. Herr et al. 94) has developed a microfluidic device in which they coupled isoelectric focusing IEF with free solution capillary electrophoresis. The initial dimension was IEF where the sample was preconcentrated (ϫ73) and rapidly separated (less than 1 min). The mobilization velocities of the species were similar and in the order of 20 mm/s during the IEF step. This similarity of the velocities enabled to control the mobilization of the focused bands in the channel junction, where the voltage switching was used repeatedly to inject the sample bands from the IEF dimension to the free solution CE separation (Fig. 13) .
In the second dimension, it was able to analyze all the bands from the first dimension. The peak capacity of this system was around 1300. Analysis of 15% of fluid volume of the total IEF channel length could be achieved in less than 5 min.
Coupling IEF with SDS on Chip
Coupling IEF with SDS page on chip can be a real alternative for conventional 2DE. Regarding the difficulties that accompany the separation on 2DE including the labor work for the preparation as well as the volume of the required sample makes any chip-alternative of great importance for the proteomic researches.
Some attempt has been done to achieve this goal, Han et al. 95) has introduced chip for SDS separation where the separation could be achieved in less than 2 mm within 30 s using polyacrylamide gel as a matrix for protein molecules ranging from 20 to 200 kDa. While IEF was achieved within tens of seconds in mm-length channel Li et al. 96) has proposed a comprehensive chip-alternative for conventional 2DE separation. In this chip design a plastic microfluidic network has been established, where the protein sample is fractionated by chip-IEF in a single channel; these fractions are qualitatively transferred to the orthogonal arrays of the second dimension without significant loss in the resolution acquired from the first dimension. In the second dimension the fractions are resolved by SDS page in parallel channels (Fig. 14) .
This separation was completed in less than 10 min with an peak capacity of ca. 1700, the chip dimensions is 2 cmϫ 3 cm. An additional advantage of this design is that the peak capacity can be increased by raising the density of the microchannels in the arrays of the second dimension.
APPLICATIONS
Applications of m mCE for DNA Separation by Low
Viscous Solution These low viscous solutions on chip has found to be useful for several applications on chip, its low viscosity with keeping the high separation ability give it an advantage compared to other separations media on chip.
A patient with positive DMD (Duchene muscular dystrophy) could be clearly diagnostic from a patient with negative DMD by comparing the 2 separated figures of them related to Exon 47 (181 bp) (Fig. 15) . In the negative case the peak of Exon 47 showed to be smaller than the peaks of Exon 6 and Exon 13, while in the positive patient to DMD Exon 13 is duplicated so it shows a peak height larger than of Exon 6 and Exon 13.
Qin et al. 97) has used HPMC-50 as low viscous separation media to distinguish the American Ginseng from the Oriental one since they have a different allele pattern at microsatellite loci (CT 12), also to distinguish the cultivated American Ginseng from the Wild American Ginseng since they have 2 different allele pattern at microsatellite (CA 33) (Fig. 16) .
A multiplex PCR for 5 DNA fragments related to the same Disease (spermatogenetic failure) has been designed by Jabasini et al. 98) These fragments where later separated on 12 channel chip that can detect these entire channels simultaneously. This combination showed a very important advantage of microchip by detecting (5ϫ12ϭ60 DNA fragment) within 110 s, with an average of less than 2 s for each marker.
Applications of m mCE for Protein Separation by Low Viscous Solution
Applications for proteome separation on chip have been started and proved the importance of the chip in this field too.
Wang et al. 99) have proposed a single channel chip system which offers a rapid injection for the nerve agent compounds. This system offers repetitive fast flow injection assays to screen the sample. In the separation mode micellar electrokinetic chromatography has been used for separating the nerve agent compounds with the presence of SDS, while the operation without SDS gave a high speed analysis for the total nerve agent compounds. A rapid exchange between the SDS-free and SDS-containing buffers in the separation channel has lead to a success rapid switching between the "flow injection" and the "separation" modes (Fig. 17) . This separation has been detected by amperometer. The assays rates are about 360 and 30/h. This achievement will be useful for the forensic medicine and will enable to transfer the forensic laboratory to the sample resource.
CONCLUSION
The field of separation science that focus on micro scale analysis such as microchip separation is in a real need for low viscous medias for the separation in its narrow channels. The several approaches that have been studied has shown a very successful result by offering a low viscous buffers with high resolution, short time needed and ease introduction for the separation media. The new technology of nanoparticles has introduced to play a useful role for developing the separation on a mixture of these nanoparticles with the conventional polymers. Isoelectric focusing with its different approaches on chip is among the most promising separation modes for proteomics separation on chip. These studies could find different application either in genomic or proteomic studies. Still, this field has a lot of dimensions to be added to it to reach its optimum separation ability.
